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ABSTRACT 

n 

Experimental  and  theoretical  studies  of  the  type 
9M10.000-H  rubber  resilient  mount  aeeembly  conaiitlng  of 
a  compression  and  (hear  mount  and  anubber  were  conduct¬ 
ed  to  determine  Ite  performance  under  shock  loading. 

In  the  experimental  study,  the  mount  aeeembly  (sup- 
porting  a  rigid  teat  men)  wee  inatalled  on  the  floating  Shock 
Platform  and  eubjected  to  a  eerie*  of  five  shock  teste.  The 
experimental  data  were  analysed  and  dynamic  force-deflection 
curves  ware  obtatnad. 

Parallel  theoretical  atudioe  were  conducted,  A  simple 
mathematical  model  combining  springe  and  dashpota  was  used 
to  represent  the  response  of  the  mounts  under  vertical  shock 
loading.  Theoretical  dynamic  force-deflection  nurves  obtained 
from  this  system  showed  good  agreement  with  the  experiment¬ 
al  date. 

findings  of  the  experimental  and  theoretical  studies  led 
to  the  conclusion  that  dynamic  force-defleotion  curves  must  he 
used  in  calculations  of  tho  shook  response  of  supported  equip¬ 
ment. 


INTRODUCTION 


BACKGROUND 

Resilient  mounting  systems  ara  used  to  roduco  tho  structureborne  noise  in¬ 
troduced  by  machinery  items  on  modern  Naval  vessels.  The  resilient  inounte  ere 
generally  made  of  natural  rubbar,  have  relatively  low  atatlc  spring  constants,  and 
exhibit  natural  frequencies  at  rated  loede  from  abuut  9  cps  to  25  cps.  Tho  rated 
load  per  mount  varies  according  to  eiee  and  is  from  about  15  lb  to  10,000  lb.  Low 
mount  atlffness  permits  movement  of  the  aupported  machinery  due  to  internal 
vibration,  and  also  permits  excursions  duo  to  ship  maneuver*  and  attacks  from 
undorwater  explosions.  To  limit  tho  excursions  to  acceptsbls  values,  snubbers 
are  used  ae  a  component  of  thn  mounting  system.  The  anubber ■  have  the  functions 
of! 

(1)  reducing  the  requirements  for  the  flexible  piping 
connections  that  are  attached  to  the  machinery; 

(2)  conserving  space  by  reducing  the  clearance  allowed 
for  excursion!  of  the  machinery;  and 

(3)  preventing  the  machinery  from  coming  adrift  under 
severe  shock  loadings. 

The  need  for  underotanding  the  performance  of  resilient  mount  behavior 
under  shock  loading  has  become  Increasingly  important  ae  the  shock  requirements 
for  Naval  ships  have  increased.  Several  questions  concerning  the  performance  of 
resilient  mounts  under  higher  attack  severities  have  arisen.  One  of  the  most 


important  areas  concerns  the  shock  mitigation  characteristics  of  the  mounts.  In 
this  area  the  dynamic  characteristics  of  rubber  are  found  to  have  an  important 
role.  It  has  been  established  that  the  etlffness  of  rubber  Increaees  with  Increas¬ 
ing  loading  rates,’ 


A  number  of  resiliency  mounted  items  have  been  shock  tested  on  the  Float¬ 
ing  Shock  Platform  (FSP)  ae  a  part  of  the  Navy's  shock-hardening  program.  Where 
poasible,  the  David  Taylor  Model  Basin  (DTMB)  has  studied  the  performance  of 
these  mounting  systems  to  gain  Insight  into  the  behavior  of  the  mounte  underdynam¬ 
ic  conditions.  In  this  way,  some  preliminary  information  concerning  the  per¬ 
formance  of  9M10.000-H  resilient  mount  assembly  was  obtained.1  (The  preliminary 
evaluation  la  described  In  Appendix  A. )  Results  of  these  teats  showed  that  the 
dynamic  behavior  of  the  mounts  differs  significantly  from  that  baaad  on  static  tjsts. 
However,  the  study  of  the  data  from  theae  tests  indicated  a  need  for  controlled 
experiments  since  extraneous  offsets  introduced  by  vibrations  of  the  equipment 
obscured  the  detail*  of  the  dynamic  behavior  of  the  mounte.  To  meet  this  need,  a 
rigid,  concentrated  mess  was  daslgnad  and  construotad  for  tha  purpose  of  evalu¬ 
ating  mount  behavior  i  the  raelllantly  mounted  mass  was  tea  ted  on  the  F8P.  This 
report  praaonte  tha  raaults  and  analysis  of  BMiO,  000-H  mount  shock  testa  using 
this  teat  fixture.  Teats  are  planned  for  SBS,000-H  mounts)  results  of  theeo  tests 
will  be  rsportsd  separately  at  a  latar  data. 

Analytical  studiaa  were  conducted  to  supplement  the  experimental  investiga¬ 
tions.  The  analytical  studies  established  a  simple  mathematical  medal  to  rapra- 
aent  the  dynamic  behavior  of  tha  mounts,  Future  Investigation  will  attempt  to 
aatabliah  simple  methods  of  determining  the  parameters  required  for  the  mathe¬ 
matical  modal  and  to  correlata  thase  parameters  with  physical  characteristic*  of 
the  resilient  mounts. 

OBJECTIVES 

The  overall  objectives  of  the  investigation  of  the  behavior  of  resilient  mounts 
under  ehock  loading  are: 

(a)  establish  tha  performance  of  existing  types  of  resilient  mounts; 

(b)  determine  the  Important  characteristics  of  resilient  mounts 
for  effective  shock  isolation)  and, 

(c)  develop  simplified  techniques  for  predicting  the  behavior  of 
existing  and  new  designs  of  resilient  mounts. 

The  specific  objectives  of  the  investigation  covered  by  the  present  report 
concerned  with  the  shock  tests  and  analysis  of  SM10, 000-H  resilient  mounts  are: 


I 


*  References  arc  listed  on  page  39. 
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(a)  determine  the  response  of  the  mounts  during 
vertical  shock  loadtng; 

(b)  determine  the  dynamic  force-dofloction  curves; 

(c)  compare  the  response  of  the  mounts  to  static 
and  dynamic  loading;  andt 

(d)  develop  a  simple  mathematical  model  for  pre- 
dieting  the  action  of  the  mounts  undor  dynamic 
loading, 

8COPE  or  REPORT 

Descriptions  of  the  teat  fixture,  the  mount  installation,  the  instrument 
tation  used  to  document  the  shock  environment  and  the  mount  behavior,  and 
the  tesla  are  given  under  Test  Procedure,  Typlcnl  Instrumentation  results 
and  a  description  of  the  deformations  sustained  by  the  mounts  are  given 
under  Teat  Results. 

In  the  analysis  of  the  experimental  results  that  follows,  Analysis  of 
the  Resilient  Mount  Response,  the  leading  sequence  and  the  response  of  the 
mounts  are  described  first  and  then  a  description  of  the  method  for  deter¬ 
mining  the  dynamic  forcc-dofloctlon  curves  with  tha  results  Is  presented. 

This  (n  turn  Is  followtd  by  a  Thsoretieal  Analysis  of  the  Resilient  Mount 
Response,  Then,  under  the  Discussions  of  Results,  the  significance  of  the 
effeot  of  dynamic  loading  is  considered  and  a  comparison  of  dynamic  and 
static  force-deflection  curves  is  mads.  In  tha  last  aoetlon,  genaral  eonelu- 

f £f«i 

The  report  it  supplemented  by  three  appendixes.  The  preliminery 
evaluation  of  the  mounts  based  on  the  FSP  teste  of  a  resiltently  mounted 
propuleion  turbine  la  given  in  Appendix  A;  static  test  results  are  given  In 
Appendix  B;  and  details  of  tho  analog  computer  program  are  given  In 
Appendix  C. 


TEST  PROCEDURE 


INSTALLATION 

Teats  of  realllently  mounted  equipment  on  the  FSP  had  Indicated  that  e  rigid, 
concentrated  mass  was  required  for  an  accurate  study  of  the  mount  behavior  under 
shock.  To  fulfill  this  requirement  a  mass  that  consisted  of  a  rectangular  steel 
box  filled  with  lead  was  constructed.  It  was  a  3-ft-long  box  with  a  2-ft-square 
cross-section  end  was  fabricated  of  1-in.  -steel  plate.  Lead  was  poured  into  it  to 
give  a  total  weight  of  about  16,000  lb.  Prior  to  the  pouring  of  the  lead,  the  inner 
surfaces  of  the  box  were  tinned  to  aid  in  securing  a  bond  between  the  two  materials. 
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Eight  1-in.  -diameter  ateel  studs  were  inserted  transversely  through  the  lead  to 
clamp  the  lead  between  the  sides  of  the  box.  Two  instrumentation  pads  were  per¬ 
manently  Imbedded  In  the  top  surface  of  the  lead.  The  weight  installed  on  the  F8P 
is  shown  in  Figure  1. 


Figure  1  -  General  View  of  the  Rigid, Concentrated  Mass 


The  weight  was  supported  on  the  FSP  by  two  5M10,000-H  resilient  mounts. 
These  were  installed  upon  a  special  foundation  fabricated  from  heavy  steel  plate 
welded  to  the  FSP  inner  bottom. 

Each  of  the  9M10,  000-H  mounts  consists  of  three  components': 

(1)  a  compression  mount  to  support  the  major  portion 
of  the  static  vertical  load; 

(2)  a  shear  mount  to  stabilise  the  static  load  with  re¬ 
spect  to  lateral  motion  and  support  about  16  per¬ 
cent  of  the  static  vertical  load;  and, 

(3)  a  snubber  assembly  to  limit  vertical  and  lateral 
excursions  under  dynamic  conditions. 


Figure  2  1b  a  photograph  of  the  three  components  prior  to  installation. 
A  view  of  both  sets  of  components  inntallsd  in  the  tost  fixture  is  in  Figure 
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The  shear  and  compression  components  were  installed  in  a  symmetrical  arrange* 
ment  to  aid  in  establishing  static  stability.  A  clearance  was  maintained  between  the 
upper  snubbers  and  the  foundation.  A  similar  clearance  was  maintained  for  the 
lower  snubbersi  which  are  hidden  in  the  photograph  by  the  foundation  supports. 
These  clearances  were  set  prior  to  testing  at  5/ 16  in.  and  i/S  in. ,  respectively. 

INSTRUMENTATION 

The  inner  bottom  of  the  Floating  Shock  Platform  and  the  test  fixture  were 
instrumented  with  nine  velocity  meters  (VM),  six  mechanical  deflection  gauges 
(MD),  and  two  accelerometers  (ACC).  The  gauges  were  located  to  measure  the 
shock  input,  the  relative  motion  between  the  wetght  and  foundation,  and  the  abso¬ 
lute  motion  of  the  weight.  The  gauge  locations  are  tabulated  in  Table  1  and  are 
shown  schematically  in  Figures  4  and  S.  Typical  installations  are  shown  in  Figures 
1  and 3.  Tnree high-speed  motion  picture  cameras  were  used  to  document  the  res¬ 
ponse  of  the  weight  and  mounts. 
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Figure  9  >  Instrumentation  Schematic  •  Elevation 
TABLE  1 

Inetru mentation  Locatione 


looatloa 


top  of  Might,  Centerline  or  starboard  inatruaentatlon  pad 
Top  of  weight,  Centerline  of  port  Instrumentation  pod 
Bolton  of  weight,  Centerline  of  lUrboerd  end  of  weight 
Bottoe  of  weight,  Centerline  of  port  end  of  weight 
Bottoa  of  weight  to  foundation,  eterboerd  inubber,  eft  aide 
Bottoa  of  weight  to  foundation,  etarboard  anubber,  forward  aide 
Bjttoa  of  weight  to  foundation,  port  snubber,  forward  aid* 
Floating  shook  platfore  desk,  amidships,  eft  side 
rioatlitt  shook  platfora  desk,  port  and  of  weight  on  oenterllne 
Top  of  weight,  Centerline  or  sterboard  inatruaentatlon  ped 
Top  of  weltft,  Centerline  of  port  Inatruaentatlon  pad 
Bottoa  of  weight  to  foundation,  atarboard  anubber,  aft  aide 

Bottoa  or  weight  to  foundation,  starboard  snubber,  forunrd  aide 

Bottoe  of  weight  to  foundation,  port  inubber,  aft  side 

Bottoa  of  weight  to  foundation,  port  snubber,  forward  aide 

Bottoa  of  weight  to  foundation,  stirboerd  side 

Bottoa  of  weight  to  foundation,  port  side 


Quantity  Measured 


Absolute  veloolty 
Absolut*  veloolty 
Absolute  veloolty 
Absolute  veloolty 
Beletlre  veloolty 
Relative  veloolty 
Relative  veloolty 
Absolute  veloolty 
Absolute  veloolty 
Absolute  aoeeleratlon 
Absolute  anoaleratlon 
Relative  vertloel 
dlaplaeeaent 
Relative  vertloal 
displaoeeent 
Relative  vertloal 
displaoeeent 
Relative  vertloal 
dlaplacseiat 
Relative  horlsontal 
dlaplaeeaent 

Relative  horlaontel 
dtiplaeeeent 


TESTING 


\ 

t 


t 

# 


Static  compression  tests  oi  the  resilient  mounte  were  conducted  prior  to  the 
Ineteilatlon  oi  the  teat  fixture  In  the  FSP.  The  results  of  these  teete  are  present* 
ed  In  Appendix  B. 

Five  underwater  explosion  tests  of  increasing  severity  were  conducted.  A 
tabulation  of  the  test  data  is  given  in  Table  2. 


TABLE  2 
Teet  Data 


Teat  No. 

Standoff 

Oharge  Depth 

Charge  Weight -TOT 

ft 

ft 

lb 

1 

63 

84 

tn 

a 

40 

34 

9? 

3 

30 

84 

91 

4 

20 

*4 

91 

5 

ao 

ao 

130.3 

A  schematic  of  the  teat  geometry  is  given  in  Figure  6.  It  should  be  observed 
that  the  charge  was  located  opposite  the  after  end  of  the  FSP. 
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TEST  RESULTS 


SHOCK  ENVIRONMENT 

Tha  shock  environment  of  tha  FSP  resembles  the  shook  motions  experienced 
by  the  double  bottom  of  a  surface  ship,  Typical  velocity  histories  for  the  FSP  in- 
dlcate  that  the  motion  la  essentially  vertical.  Thla  vertical  motion  Is  characterised 
by  a  large  Initial  acceleration  rapidly  reaching  a  peak  velocity  that  la  followed  by 
a  deceleration  phase  of  much  longer  duration.  This  motion  is  followed  by  a  re¬ 
loading  phase  which  introduces  a  lower  level  of  acceleration,  Input  motions  of  this 
type  were  recorded  by  VM-8  and  VM-9.  These  metere  show  similar  results  except 
that  VM-8  showed  slightly  larger  magnitudes  since  It  was  closer  to  the  charge. 
VM-9,  however,  should  be  more  representative  of  the  shook  input  to  the  test  fix¬ 
ture.  A  typical  history  recordsd  by  this  motor  is  shown  lnFlgure  7.*  Peak  velocities 
and  the  corresponding  shook  factor  for  this  location  arc  given  in  Table  3  for  saoh  test. 


Figure  7  •  Typical  Input  to  the  Foundation 


TABLE  3 
Shock  Input  Data 


E23EJI 

Shook  Factor* 

ti.ljr 

0.11 

0.14 

0.18 

9 

0.23 

*  Shock  Factor  b  i-t  .V".0.  whore  f  li  tha 

R  £ 


charge  weight  In  pounds  of  TUT,  tl  Is  the  slant  rangs, 
and  0  la  the  angle  between  R  and  the  homoatal. 


•In  this  figure  as  well  as  in  Figures  9,  10  and  11  that  follow,  sero  ties  correspond*  to 
detonation  of  the  charge. 


RESPONSE  OF  MASS 


The  reapome  of  the  nun  wii  documented  by  a  number  of  meters  that  were 
selected  to  record  the  abeolute  velocity  and  acceleration  of  the  mass  and  the  rela¬ 
tive  displacement  between  the  mass  and  foundation.  The  velocity  and  acceleration 
data  were  important  to  determine  the  forces  transmitted  by  the  mounts,  and  the 
deflections  to  Indicate  the  deformations  experienced. 

Except  for  the  first  test,  these  measurements  indicate  that  the  snubbers  of 
each  mount  engaged  during  the  response  of  the  mass.  For  the  first  test,  the  meas¬ 
urements  and  the  motion  pictures  indicate  that  only  one  snubber  engaged  as  the 
result  of  rocking  motions  of  the  mast  introduced  by  roiling  of  the  FSP  prior  to 
charge  detonation,  Because  of  these  rocking  motions,  the  clearances  of  each  snub¬ 
ber  were  significantly  dlffersnt  at  the  instant  of  shock  loading.  To  eliminate  this 
complication,  on  subsequent  testa  small  steel  bracket;  were  welded  between  the 
foundation  and  bottom  of  the  mass  to  maintain  the  desired  snubber  clearances. 
Those  braokets  were  deformed  laterally  prior  to  installation  eo  that  during  the 
early  phases  of  shock  loading,  buckling  failures  of  the  brackets  did  occur.  Two  of 
these  brackets  prior  to  testing  are  visible  in  Figure  8. 


Figure  8  -  Static  Support  Brackets 
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The  motion  of  the  mate  during  the  last  four  testa  clearly  indicates  that  both 
snubbers  engage.  This  fact  ia  evident  from  the  deflection  gauges^  but  ie  more 
clearly  demonstrated  by  the  periods  of  sharp  acceleration  shown  by  the  records  of 
velocity  meters  and  accelerometers  mounted  on  the  mass.  A  typical  velocity 
history  of  the  mass  recorded  by  VM-1  is  given  in  Figure  9.  A  typical  accelera¬ 
tion  history  is  given  in  Figure  10. 


IS 

Tlmi  -m*»« 


Figure  10  •  Typical  Acceleration  History  of  Mass 

An  examination  uf  the  doflection  gauges  for  each  test  indicates  that  for  the 
last  fou.'  tests  the  mass  responded  as  a  vertical  translation  without  port  to  star¬ 
board  rotation.  These  records  show  that  both  port  and  starboard  snubbers  engage 
simultaneously.  The  deflection  gauges  indicate  that  a  rocking  motion  occurs  in  the 
forward-tft  direction.  This  motion  has  a  low  frequency  and  is  not  pronounced  dur¬ 
ing  the  initial  loading.  For  this  reason  it  is  reasonable  to  use  the  average  of  the 
forward  and  aft  gauges  to  represent  the  vertical  translation  of  the  mass.  Two 
typical  deflection  histories  and  the  average  history  are  given  in  Figure  11. 

The  vertical  translation  of  the  mass  was  accompanied  by  a  horizontal  motion 
of  a  lesser  magnitude.  During  the  first  compression  cycle  of  the  upper  snubber, 
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this  translation  waa  about  0,  2  In.  for  most  teats.  At  later  times  during  the 
response,  larger  horlsontal  deflections  occurred  up  to  a  maximum  of  about 
0, 4  Inch. 


RESILIENT  MOUNT  DE  FORMATION 

The  rubber  portions  of  tha  resilient  mount  components  underwent  consider¬ 
able  deformation  during  the  shock  response.  The  extent  of  the  deformations  la 
olearly  seen  in  the  high-speed  motion  pictures.  The  sequeneeof  events  and  the  ex¬ 
tent  of  the  deformation  for  the  most  severe  teat  may  be  seen  In  Figure  12.  In  this 
figure,  photographs  obtained  from  one  of  the  motion  pioture  films  are  given  for 
significant  times  during  the  first  loading  of  the  upper  snubber. 

The  first  photograph  showa  tha  upper  snubber  at  the  time  of  charge  detona¬ 
tion.  In  the  second  on#,  th#  snubber  clearance  has  closed  and  the  snubber  Is  about 
to  engage.  The  next  two  show  the  snubber  deformation,  as  the  maximum  displace¬ 
ment  Is  reached.  The  fifth  one  ahowa  the  snubber  deformation  during  the  unload¬ 
ing  phaae,  and  tha  l»et,  one  shows  the  snubber  slightly  after  separation  occurs. 

The  deformation  of  the  rubber  st  this  time  is  clssrly  visible. 

Permanent  damage  sustained  by  the  mounts  ss  a  result  of  the  chock  loadings 
was  relatively  minor.  The  one  significant  case  of  damage  proved  to  be  a  crack 
that  developed  between  the  bonding  surface  of  metal  and  rubber  on  one  of  the  snub- 
bore.  Thla  damage,  however,  did  not  appear  to  have  any  serious  detrimental 
effects  since  static  load-deflection  curves  obtained  before  and  after  the  shock  tests 
show  good  agreement. 

In  this  section,  the  important  aspects  of  the  shock  input  and  the  response  of 
the  mass  have  been  described.  In  the  next  section  theee  results  are  Interpreted 
in  term*  of  the  mount  behavior  and  dynamic  force-deflection  curves  for  the  mounts 
are  derived. 
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ANALYSIS  OF  THE  RESILIENT  MOUNT  RESPONSE 


LOADING  SEQUENCE 

Examination  of  the  instrumentation  histories  has  indicated  that  the  ahock  re¬ 
sponse  of  the  mass  consisted  essentially  of  a  vertical  translation.  Although  a  rock¬ 
ing  motion  of  tho  mass  was  present,  It  was  found  that  for  the  early  portion  of  the 
response  the  loading  history  of  the  rfesillent  mountings  could  be  considered  in  terms 
of  the  average  displacement  of  tho  forward  and  aft  deflection  gauges. 

For  the  shock  input  of  the  present  tests  the  loading  sequence  of  the  SM10,000- 
H  resilient  mounts  may  be  described  as  follows) 

(1)  Until  the  relative  vertical  displacement  between  the  snubber 
and  foundation  decreases  by  the  9/  16-in.  original  clearance, 
only  the  shear  and  compression  mounts  exert  vertical  forces 
on  the  mass.  During  this  time,  ths  mass  undergoes  a  small 
vertical  acceleration)  however,  this  acceleration  history  was 
not  clearly  documented  by  either  the  velocity  hlstorlee  or  the 
acceleration  measurements. 

(2)  At  the  time  tho  relative  displacement  has  decreased  by  the 
9/  16-in.  clearance,  the  upper  snubber  engages  and  the  mass 
subsequently  begins  to  acquire  vertical  velocity  rapidly.  After 
the  upper  snubber  comes  into  contaot  the  acceieration  becomes 
prominent.  This  was  clearly  evident  from  both  ths  acceler¬ 
ometer  records  and  the  velocity  histories. 

(3)  The  upper  snubber  continues  to  be  compressed  until  the  max¬ 
imum  relative  displacement  is  reached.  This  maximum  rela¬ 
tive  displacement  in  the  present  tests  varies  with  the  attack 
severity  from  about  0.  49  to  about  0,  84  inch.  Betwocn  the 
time  of  snubber  engagement  and  the  time  of  maximum  rela¬ 
tive  displacement  the  snubber  continues  to  accelerate  the  mass. 

During  this  Interval,  the  acceleration  reaches  a  maximum  and 
beglne  to  decrease  before  the  maximum  displacement  is  reach¬ 
ed.  This  characteristic  was  demonstrated  by  both  the  acceler¬ 
ometer  and  velocity  histories. 

(4)  After  the  maximum  relative  displacement  is  reached  the  upper 
snubber  begins  to  expand.  This  continues  as  the  relative  dis¬ 
placement  returns  to  the  original  9/ 16-in.  clearance.  How¬ 
ever,  the  force  exerted  by  the  snubber  does  not  continue 
until  the  5/  16-in.  displacement  is  reached.  The  test  re¬ 
sults  show  that  the  snubber  force  reaches  aero  before  this 
time.  For  the  last  test,  this  fact  maybe  concluded  from  the 
photographs  (See  the  last  photograph  of  Figure  12)  since  the 
rubber  had  not  returned  to  its  original  shape  when  a  clearance 
opened  between  the  snubber  and  the  foundation. 
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(5)  Following  the  disengagement  of  the  upper  snubber,  the  relative 
displacement  continues  to  increase.  During  this  time,  the  mass 
is  acted  upon  only  by  the  forces  exerted  by  the  shear  and  compres¬ 
sion  mounts,  The  velocity  histories  showed  that  the  mass  moves  with 
almost  constant  velocity.  When  the  relative  displacement  has  in¬ 
creased  to  1/8  in,,  the  lower  snubber  engages.  Beginning  at  this 
time,  the  mass  experiences  a  deceleration  and  a  corresponding 
decrease  in  velocity  occurs. 

(h)  The  muss  experiences  the  engagement  of  the  upper  and  lower 
snubbers  on  two  consecutive  cycles.  For  each  of  the  last  four 
tests,  these  four  engagements  were  clearly  shown  on  the  velocity 
histories  by  a  sharp  acceleration  or  deceleration  of  the  mass. 

DYNAMIC  FORCE -DBF  LECTION  CURVES 

The  relationships  between  tho  dynamic  forces  tranemlttedby  the  mounts  and 
the  accompanying  deflections  arc  of  basic  Interest  in  the  duslgnof  now,  more  effec¬ 
tive,  resilient  mounting  systems.  In  addition,  these  results  are  necessary  for  the  dy¬ 
namic  analysis  of  equipment  supported  by  systems  using  resilient  mounts 
of  the  present  types. 

To  meet  this  need,  dynamic  force-deflection  curves  have  been  derived  from 
the  data  of  the  currant  testa  (Figures  IS  through  lb). 
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The  curve*  were  developed  for  the  first  compression  end  expansion  of  the 
mount  as  described  above.*  Because  only  one  snubber  engaged  during  Test 
1,  this  data  was  not  considered;  force-deflection  curves  were  found  for  Tests 
2  through  3. 

The  dynamic  force-deflection  curves  were  found  by  calculating  the  in¬ 
stantaneous  fores  transmitted  by  the  mounts  from  the  acceleration  histories 
of  the  mass.  A  typical  acceleration  history  of  this  motion  was  shown  in 
Figure  10,  Typical  records,  such  as  thie>  have  indicated  that  the  action  of  the 
resilient  mount  produced  an  acceleration  pulse  roughly  sinusoidal  in  shape. 
Superimposed  on  each  of  these  pulses  were  vibrations  of  higher  frequencies, 
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Figure  14  -  Dynamic  Force  versus  Deflection  -  Test  3 


•Tl'viiv  fleuro*  alsu  show  lltu  sialic  force-del lecl ion  curves  tree  Appendix  B. 
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Figure  19  -  Dynamic  Force  vorsuo  Dofloction  •  Toot  4 

These  vibrations  represent  motions  other  than  the  rigid  body  motion  of  the 
mass,  possibly  vibrations  of  the  steel  box  or  the  contained  lead.  To  obtain 
the  rigid  body  acceleration  histories  of  the  mass,  these  vibrations  were  re* 
moved  from  each  record  by  using  an  average  curve  through  the  center  of  each 
superimposed  high  frequency  oscillation.  The  force  transmitted  by  each  re* 
alllont  mount  was  then  calculated  as  one*half  the  supported  mass  times  the 
instantaneous  rigid-body  acceleration.  Values  for  forces  wore  calculated  in 
this  way  at  one-half-mllllsecond  intervals.  The  corresponding  mount  deflec¬ 
tion  was  read  from  the  average  deflection  history  such  as  shown  in  Figure  11. 

In  this  section  of  the  report,  the  response  of  the  mount  under  vertical  shock 
loading  has  been  described  and  dynamic  force-deflection  curves  for  the  mounts 
have  been  derived.  These  results  are  discussed  and  the  dynamic  and  static  load- 
deflection  curves  are  compared  in  a  later  section. 
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THEORETICAL  ANALYSIS  OF  THE  RESILIENT  MOUNT  RESPON8E 


GENERAL  DEVELOPMENT 

The  mechanics  of  deformation  of  rubber  are  peculiarly  different  from  the 
linear,  elastic  behavior  of  metallic  structures  to  which  most  naval  architects  and 
marine  engineers  are  accustomed.  For  the  present  analysis  It  la  sufficient 
to  observe  that  under  a  slowly  applied  uniaxial  load,  rubber  deforms  with  a 
very  low  elastic  modulus  (on  the  order  of  10*  pel)  to  large  strains  and  with 
a  significant  viscosity,  all  of  which  are  temperature  dependent.  Under  this 
type  of  loading,  rubber  is  practically  incompressible,  and  the  force-deflection 
curve  is  nonlinear,  particularly  under  large  loads.  On  the  other  extreme,  if 
rubber  is  constrained  so  that  compressible  deformation  must  occur  under  a 
slowly  applied  load,  then  the  rubber  will  behave  like  a  true  solid  with  a  rel¬ 
atively  high  modulus  of  elasticity  (on  the  order  of  10*  pel)  and  low  viscosity 
and  undergo  small  strains.4 

One  of  tha  distinguishing  characteristics  of  the  behavior  of  rubber  under 
rapidly  applied  loads  is  that  compressive  behavior  may  play  an  important 
role  in  the  response  provided  the  rubber  is  loaded  in  such  a  wny  that  both 
compressive  and  shear  stresses  exist.  This  behavior  oeeurs  as  a  result  of 
the  prominent  role  of  the  viscous  effaets  under  high  rates  of  deformation. 

This  important  role  of  viscosity  has  led  a  number  of  writers  to  represent  the 
behavior  of  the  rubber  by  mathematical  models  using  various  combinations  of 
springs  and  dashpots.  One  attempt  has  made  use  of  the  Kelvin  model.4  In 
this  case  it  was  found  that  the  material  constants  were  very  muoh  dependent 
on  frequency  and  temperature.  The  Kelvin  model  (a  spring  and  dashpot  in 
parallel),  however,  essentially  ignores  the  compressible  features  of  rubber 
under  high  rates  of  deformation. 

The  purpose  of  this  section  is  to  present  a  method  of  analysing  rubber 
mounts  under  large  dynamic  loads  which  will  consider  both  the  compressible  prop¬ 
erties  as  well  as  the  ueual  Incompressible  properties.  For  this  analysis  it  is 
assumed  that  the  loading  will  have  a  very  short  duration  (e.  g.  during  an  explosion) 

so  that  the  incompressible  deforma¬ 
tion  will  be  small,  due  to  the  viscos¬ 
ity,  and  nonlinearities  do  not  have  to 
be  considered.  A  number  of  mech¬ 
anical  models  could  be  used  to  repre¬ 
sent  this  behavior.  In  the  present 
analysis  the  model  shown  in  Figure 
17  will  be  used.  In  this  system,  the 
upper  spring  and  dashpot  represent 
the  incompressible  properties  while 
the  lower  spring  represents  the  com¬ 
pressible  property.  A  mathemati¬ 
cally  equivalent  model  known  as  the 
"standard  linear  solid"  could  have 
been  used  to  give  the  same  results.* 
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Figure  17  -  Mathematical  Model  of 
Resilient  Mount 
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The  equation  of  motion  for  a  alngla«degree«of-freedom  ayatem  aupported  by 
this  mount  ia  determined  In  the  following  manner.  The  force«deflection  equation 
for  the  model  of  Figure  17  ia 


F  ■  k,x,  ■  k,X|  4  cfc, 

which  can  bo  oxpfceaaed  aa 

r  '  k4X  -  exp  |  exp  ^  ^-tii^XdT.  U> 

If  a  maaa  M  la  attached  to  the  ayatetni  the  differential  equation  deacrlbing  free 
vlbratione  ia 


(2) 


If  the  ayatem  la  under  forced  vibration  by  motion  of  the  baae.  XB ,  then  X  of 
Equation  i  ia  the  relative  motion)  a,  im  iuiel  motion  of  the  maaa,  X,  la  th'.n 
given  by 


4  k,  * 

0 


4  hlikx  •  ^l^XB  4  M,. 


(3) 


Since  all  of  the  coefficlenta  of  Equation  (3)  are  poaltlve,  we  have  from 
Deacartea1  rule  that  the  roota  of  the  characterietic  equation  are  either  all  negative 
or  one  la  nagatlve  and  two  are  complex.  Solutiona  of  Equation  (3)  are  all  of  the 
form 


X„-  Anexp|- i^i4  t.Anexptmnt} 


(41 


for  n  »  1, 2,  3 


where 
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Tho  general  eolation  of  Equation  (3)  te 


v  a  „*",t  x  a  m,  t  .  m«t  , _  _  1 _ f 

1  1  *  *  m((m|«m|)  +  mj  (mt  -m,]  +  mJ(mj  | 


|M>  Mm, -m, X.+k,*.)  d,.  HI 

If  the  Initial  condition*,  X(o),  i(o),  and  K(o)  are  all  aero,  then  At ,  A,  and  A,  of 
Equation  (7)  ara  aleo  aero. 

SM10,  000-H  RESILIENT  MOUNT  RESPONSE  PREDICTION 

A  8M10.000-H  mount  undar  vartloal  load*  may  ha  rapraaantad  by  two  parallel 
ayatama  almllar  to  thoae  of  Fi*-.'c  i1?,  is-, s  far  the  oomfrrtolop.  an*4  »hi»rr  "-nont*  , 
and  one  for  the  anubber.  The  ahear  mount  may  ba  conetdared  aa  a  part  of  the  com- 
■  praaalon  mount  elnee  ita  portion  of  the  total  load  la  email.  Tha  anubber  ayatem 
will,  of  oourae,  have  a  clearance,  Dv  undar  atatic  condition*  eo  that  It  will  not 
engage  until  tha  ralatlve  deflection  haa  dacraaaad  by  thla  amount.  Tha  oomplata 
rapreaantatlon  for  tha  upper  anubber  of  on*  mount  for  vartloal  loading  la  ahown  In 
Tlgur*  IB.  A  almllar  mathematical  model  would  alao  ba  uaed  to  rapraaant  tha 
lower  anubber.  However,  the  experimental  evidence  haa  ahown  that  tha  Initial 
engagement  of  tha  upper  anubber  give*  the  largoat  force*  under  the  preaent  attack*; 
hence,  only  the  upper  *nubb*r  will  be  considered. 

The  value*  of  k(  and  k«  were  determined  from  a  linear  approximation  to  the 
static  force -deflection  curvea  of  Appendix  2.  Thla  la  permissible  although  k(  and 
k«  are  in  series  with  k,  and  ky,  respectively,  since  the  latter  are  of  an  order  of 
magnitude  larger  and  are  essentially  Inoperative  under  static  load.  The  other 
quantities  are  essentially  dynamic  quantities  and  hence  had  to  be  obtained  from 
the  experimental  test  results.  Teat  4  was  selected  for  this  purpose.  Tho  system 
of  Figure  IB  was  programmed  on  an  analog  computer  (Appendix  C)  using  an  analyt¬ 
ical  representation  of  the  average  of  the  measurements  from  VM-8  and  VM-9  for 
XB  and  the  measured  spacing  for  Dq.  The  quantitiee  kj ,  kj,  Cy ,  and  c4  were  then 
adjusted  to  obtain  the  best  fit  for  the  measured  acceleration,  velocity  and  displace¬ 
ment  of  the  mass  up  to  the  time  of  the  first  aero  of  the  force  (about  20  msec). 

The  values  of  these  constants  are  given  in  Table  4.  A  nonlinear  spring  closely  re¬ 
presenting  the  static  curve  was  also  tried  for  kf,  however,  no  change  was  observ¬ 
ed  in  the  results.  In  fact,  complete  elimination  of  the  spring  represented  by  K* 
resulted  in  no  changes  in  peak  force  or  deflection  and  only  a  very  slight  alteration 
to  the  output.  The  most  noticeable  was  a  one-half  millisecond  variation  in  time  of 
snubber  separation.  Elimination  of  the  spring  represented  by  kt  also  had  no  effect 
onthe  results.  However,  both  ktand  k4were  retained  as  linear  springs  for  the  analysis. 
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TABLE  4 

Corutanta  tor  Syatam  of  Figure  IB 


V  10  Qdp/lnt) 

*b  40  (ttp/ln.) 


:.n-xtyBtaw 


v  lit 

o,-  4.71  (Itlp-Ma/ta, ) 


This  ayatam  was  than  applied  to  Taeti  2,  3  end  B.  An  analytical  representa¬ 
tion  of  the  average  ofVM-landVM-9  wee  used  tor  X*  Tha  analytieal  representations 
ara  ahowntogathar  with  tha  averaged  experimental  histories  In  Figures  19  through  21.* 


•  In  then*  figures  ns  wall  an  Figures  83  through  34,  taro  tlas  corresponds  to  the  Um 
•hen  the  Inner  button  notion  of  the  PSP  begins. 
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Figure  22  -  Average  Base  Velocity  Hietoriei  -  Teat  5 

The  analog  computer  aaluttone  for  the  velocity  and  relative  dieplacement  of  the 
maaa  and  the  force-time  hiatoriea  are  ahown  auperimposed  on  the  experimental 
reaulta  In  Figurea  23  through  34.  The  computed  force-deflection  curvea  for  each 
teat  are  ahown  with  the  experimental  data  in  Figure*  33  through  38. 


The  results  shown  In  Figures  23  through  38  show  sn  agreement  between 
theory  and  experiment  which  Is  about  as  good  as  the  agreement  of  the  experimental 
measurements  with  themselvco.  This  is  Indicated  by  the  comparison  of  sum  of 
mass  and  relative  velocities  with  base  velocities  (Figures  19  through  22),  Integral 
acceleration  curves  with  velocity  curves  (Figures  23  through  26),  and  Integral  ve* 
locity  curves  with  deflection  curves  (Figures  27  through  30),  The  maximum  crtui 
is  less  than  1!  percent  of  the  maximum  value  nf  the  variable,  * 


•  The  high  frequency  spikes  In  the  acceleration  are  not  considered  since  they  do  not  repre¬ 
sent  rigid  body  notions  of  the  ssss. 
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Figure  18  -  Force* Deflection  Curve  -  Test  i 
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DISCUSSION  OP  RESULTS 


The  shock  tests  of  the  3M10.000-H  resilient  mounts  using  the  concentrated 
mass  have  provided  considerable  insight  into  the  behavior  of  the  mount  under  dy« 
namlc  conditions,  The  test  results  have  shown  that  the  dynamic  behavior  of  the 
mounting  system  under  shock  was  controlled,  as  expected,  by  the  action  of  the 
snubber  components.  During  early  shock  motions,  before  snubber  engagement, 
the  shear  and  compression  componsnts  were  compressed  but  transmitted  only 
small  forces  in  comparison  to  the  later  forces  attributed  to  the  snubber  action,  • 

The  forces  transmitted  by  the  shear  and  compression  components  were  not  clearly 
defined  by  the  instrumentation  histories  before  the  initial  snubber  engagement  be* 
cause  of  their  small  magnitudes.  Consequently,  the  force  data  given  for  the  early  • 

deflections  on  the  dynamic  force-deflection  curves  were  not  as  accurate  as  during 
the  periods  of  snubber  engagement.  The  shear  and  compression  components  be¬ 
haved  in  a  similar  manner  during  the  periods  between  the  upper  snubber  disengage¬ 
ment  and  the  lower  snubber  engagement.  During  this  Interval,  also,  the  forces 
were  small  and  ware  not  clearly  defined.  The  deflection  at  which  the  force  return¬ 
ed  to  aero  on  the  force-deflection  eurve  was  questionable  for  this  reason.  How- 
svor,  throughout  the  major  interval  of  snubber  compression  the  forces  ware  des¬ 
cribed  more  accurately  and  consequently  more  confidence  may  be  placed  in  these 
results. 

Each  of  the  dynamic  force-deflection  curves  began  to  show  a  sharp  increase 
in  force  after  the  snubber  clearance  of  0,  31  inch  was  closed.  After  this  deflsctlon, 
the  dynamic  foroe  increased  rapidly  with  increasing  deflection.  The  force  increas¬ 
ed  until  the  maximum  value  was  reached  at  a  deflection  somewhat  lower  than  the 
maximum  deflection,  After  the  maximum  force  was  reached  the  force  decreased 
slightly  as  the  deflection  approached  its  maximum  value.  As  ths  maximum  de¬ 
flection  was  attained  the  force  dropped  quite  rapidly  at  almost  constant  deflection. 

Thereafter,  the  force  decreased  more  slowly  with  decreasing  deflection  until  the 
force  dropped  tu  sera.  This  force -deflection  relation  showed  a  large  amount  of 
energy  absorption  which  indicated  that  significant  damping  was  present  in  the 
mounts.  Evidence  indicated  that  the  snubber  did  not  return  to  its  original  shape 
during  lte  expansion.  Thus,  the  force  reached  aero  at  a  deflection  greater  than 
0.  31  in.  i  which  was  to  be  expected  for  a  damped  eyetem  under  dynamic  loading. 

The  force  data  wero  somewhat  inaccurate  in  this  region!  hence,  the  force-deflection 
curvee  were  not  cnneletent  concerning  the  eat  deflection, 

The  magnitude  of  the  maximum  forces  and  maximum  deflections  experienced 
by  the  mounts  varied  with  attack  severity.  The  maximum  force  varied  from  about 
100,000  lb  to  273,000  lb;  the  maximum  deflection  increased  from  0.49  to  0.  84 
inch.  Both  of  these  quantities  increased  with  increasing  shock  factor.  This 
increase  for  each  quantity  was  almoot  linear  when  plotted  agelnet  shock 
factor  for  the  attack  severities  considered.  This  variation  is  shown  in 
Figures  39  and  40. 
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For  the  moat  part,  the  results  of  these  tests  and  the  results  obtained  from 
the  FSP  tests  of  the  propulsion  turbine  (See  Appendix  A)  showed  general  agreement. 
The  overall  aetlon  of  the  mounts  proved  to  be  the  same  In  each  case.  There  were, 
however,  somb  dlaagresments  between  the  force-deflection  curves  obtained  from 
the  two  series  of  tests.  The  most  apparent  of  these  discrepancies  lies  in  the 
shape  of  the  force -deflection  curves.  Nevorleaa,  the  maximum  values  of  force 
and  deflection  between  the  two  aeries  of  tests  showed  reasonable  agreement.  The 
discrepancy  in  the  shapes  of  the  curves  may  be  attributed  to  the  difficulty  in  mea¬ 
suring  accelerations  accurately.  The  tests  using  the  lead  weight  gave  a  consider¬ 
able  improvement  over  the  propulsion  turbine  tests)  however,  in  regions  of  low 
acceleration  an  accurate  measurement  of  the  history  remained  a  difficult  task. 

A  comparison  of  the  dynamic  force-deflection  curves  and  the  static  force- 
deflection  curve  (Figuros  13-16)  reveals  a  number  of  elgnlflvunt  differences.  The 
static  force- deflection  curve  was  characterised  by  the  fact  that  the  force  increased 
with  increasing  deflection  as  the  deflection  approached  a  nearly  vertical  asymptote. 
The  asymptote  was  approached  at  relatively  low  levels  of  force  and  essentially 
established  the  maximum  deflection  to  be  almost  independent  of  the  applied  force. 
The  shape  of  this  force-deflection  ourve  has  led  a  number  of  writers  to  represent 
it  mathematically  by  the  tangent  function.  One  of  the  major  differences  between 
the  static  and  dynamic  force  deflection  characteristics  waa  that  the  etatlc 
behavior  waa  specified  by  one  distinct  nonlinear  force-deflection  curve  whereaa 
the  dynamic  behavior  was  specified  by  a  family  of  curves  which  are  a  function  of 
the  loading  rate  (attack  severity).  However,  as  discussed  previously,  the  maxi¬ 
mum  force  and  maximum  deflection  increased  linearly  with  increasing  attack 
severity. 

To  compare  the  effects  of  uetng  the  static  and  dynamic  force -deflection 
curves  the  maximum  force  and  deflection  were  calculated  for  the  last  four 
tests  using  the  static  force-deflection  curve  for  increasing  load,  Figure  96. 
These  results  are  compared  with  measurements  and  dynamic  calculations  in 
Table  5.  Since  the  maximum  measured  point  on  the  static  curve  was  In¬ 
sufficient  for  the  calculations  except  for  Test  2,  the  curve  was  extrapolated 
by  «  tine  tangent  to  It  at  t>.  Hft  in. ,  160  kips,  Therefore  theae  calculated  value* 
should  be  upper  bounds  on  defection  and  lowar  bounds  on  forcos  for  calculations 
based  on  the  etatlc  curve.  The  reaulte  in  Table  9  show  in  eaoh  case  a  higher  do- 
floctlon  and  except  for  Test  2  s  higher  force  than  either  the  experimental  results 
or  calculated  results  using  the  model  of  Figure  iB,  The  maximum  error  In  the 
calculated  deflection  using  the  static  forca-deflection  curve  was  about  79  percent 
for  Test  2  and  decreassd  with  Increasing  attack  severity  to  21  percent  for  Teet  9. 
The  error  in  the  calculated  maximum  fores,  however,  which  was  small  for  Test  2, 
Increased  with  increasing  attack  severity  to  more  than  100  percent  for  Toet  9. 
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tabu:  s 

Maximum  Forces  and  Relative  Deflection* 


Oceparlaona 

iwwrmy 

8tatlo  Curve 

test  2  Foro*  (klp> 

97 

103 

83 

2  Deflection  (in. ) 

0.46 

0.30 

0.80 

_  .  _  Foroe  (kip) 

U4 

138 

220 

lest  3  Ocficetlon  (in.) 

0.53 

0,60 

0.88 

Mat  A  Foro*  (klp) 

198 

217 

410 

4  Deflection  (in.) 

0.76 

0.78 

0.93 

Teat  S  TwM  (klp) 

273 

303 

66o 

3  Deflection  (In.) 

0.84 

0.93 

l.GB 

A  comparison  of  the  8M10.000-H  mount  aeeembly  reeponeee  under  shock 
load  with  that  of  a  pair  of  three-element  linear  systems.  Figure  IB,  under  a  base 
motion  representing  tha(  of  the  actual  mount,  confirms  that  there  Is  no  direct  re- 
latlon  between  the  dynamic  force-deflection  curves  and  the  etattc  force  •deflection 
curve,  Each  element  of  the  mount  under  vertical  deflection  can  be  satisfactorily 
represented  by  a  three-element  system  shown  In  Figure  17, 

The  existence  of  the  dynamic  force -deflection  characteristics  for  the 
reelllent  muunts  eliminate*  the  poeelblllty  of  using  the  etatic  characteristics 
alone  to  predict  the  dynamic  responee  of  supported  equipment.  Some  analytical 
studlee*  of  the  nonlinear  shock  problem  have  been  made  using  the  tangent  repre¬ 
sentation  of  the  mount  stiffness.  These  resulte  should  be  reconsidered  in  light  of 
the  great  differences  between  the  static  and  dynamic  characteristics  of  the  mounts. 
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GENERAL  CONCLUSIONS 


This  Investigation  of  the  performance  of  a  type  5M1Q,0Q0-H  resilient 
mount  assembly  under  vertical  shock  loading  has  provided'  Insight  into  their 
behavior  under  dynamic  conditions.  From  the  documented  behavior  of  the 
resilient  mounts  during  this  serlss  of  tests  and  the  analysis  based  on  the 
system  of  Figure  18,  the  following  conclusions  have  been  drawn 

1.  The  force-deflection  relationships  of  the 
resilient  mount  under  dynamic  conditions 
cannot  be  obtained  from  static  tests  alone. 

2.  The  maximum  forces  and  maximum 
deflections  under  ahock  increase  almost 
linearly  with  Increasing  attack  severity  fur 
the  range  of  attacks  considered. 

3.  Dynamic  force-deflection  curves  must  be 
used  in  calculations  of  the  response  of 
supported  equipment  under  vertical  shock 
loading. 

4.  The  action  of  the  3M10,000-H  mount  under 
vertical  shook  loading  can  be  adequately 
represented  by  parallel  systems  consisting 
of  two  springs  and  a  dashpot,  Linear 
elements  were  sufficient  for  the  range  of 
attacks  considered. 
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APPENDIX  A 


Preliminary  Evaluation  of 
SM10.000-H  RaalUont  Mounts 


INTRODUCTION 


Under  the  requirements  of  the  current  shock  test  specification7  the  David 
Taylor  Model  Basin  a  General  Electric  SSIN)  Type  Submarine  Propulsion 

Turbine  on  the  Floating  Shock  Platform.  For  these  testat  1  the  turbine  was  re- 
eillently  mounted  by  four  Type  3M10.000-H  mounts.  This  installation  preaented 
an  opportunity  to  obtain  some  preliminary  Information  on  the  behavior  of  the 
mounts  in  an  installation  simulating  shipboard  conditions. 


TEST  PROCEDURE 


The  turbine  was  Installed  on  a  aubbaae  simulating  the  prototype  structure  In 
way  of  the  turbine,  The  subbase,  in  turn,  was  supported  by  four  Type  SM10,  000. 
H  resilient  mounts  attached  to  a  stiff  foundation  structure  welded  to  the  inner  bot¬ 
tom  of  the  Floating  Shook  Platform.  A  view  of  the  foundation  and  subbaae  installa¬ 
tion  on  the  Floating  Shock  Platform  la  shown  in  Figure  41  and  the  completed  lnstal 
lotion  la  shown  In  Figure  42. 


Figure  41  •  Installation  of  Foundation  Subbase 
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TABLE  6 
Gauge  Locations 


One* 

Fooltlu 

lOSStlOS 

*N-t 

Tortleol 

nr  Ssok  st  latsmotton  of  Tr  3  sad  W  (pert) 

TM-2 

ithvsrUhlp 

nr  Ssok  adjiosst  to  TIM 

VM.J 

Tortleol 

IM  seek  st  latsrssstlon  of  Pr  6  sal  left  (stsrhssrl) 

TX-i 

Tort loti 

tttbksse  sdjsosst  eenst  bolt  (port  tils  forward) 

«.» 

Tsrtiesl 

•ubbsss  adjaosnt  eouat  bolt  (starboard  oils  aft) 

TIM 

Tsrtlosl 

Top  of  sabbass  port  olio  forward 

tim 

ittwsrUhlp 

idjooont  to  TIM 

TIM 

Tsrtlosl 

Top  of  rabbets  starboard  aids  aft 

TIM 

Ulnsrtoaip 

idjooont  to  TIM 

TH-10 

Tsrtlosl 

fort  ildo  support  floats 

TH-11 

itlwsrtsklp 

Adjoeont  to  TIMO 

tnwa 

Tsrtlosl 

lutboord  old*  support  fU«es 

TIM) 

Tsrtissl 

Top  of  fie*  puts 

w-u 

AUiwsrtaMp 

idjooont  to  TIM) 

nt-tj 

Tsrtlosl 

Exhaust  fUnco 

TIM  6 

Tsrtlosl 

ioUrs  otooa  obest  swror 

nt-n 

Athssrtship 

idjooont  TIMS 

TIMS 

Tsrtissl 

Uood  itosa  ohoot  ooesr 

TIMS 

Athwortahlp 

idjooont  to  TIM* 

| 

Tsrtissl 

idjooont  to  shook  eount  port  olds  forward 

NB-a 

Tsrtlosl 

idjooont  k  shook  BOOM  ilsibosrd  stdo  oft 

Photographs  of  typical  Installations  art  shown  In  Figures  44  and  46.  (It  should  be 
noted  that  th#  designation  and  location  of  these  instruments  are  different  from 
those  described  in  the  main  body  of  this  report. ) 


Figure  44  -  Typical  Instrumentation  on  Floating 
Shock  Platform  inner  Bottom  and  Subbase 
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Five  underwater  exploalon  ahock  teata  of  Increaelng  a •  verity  were  conducted 
ngatnat  the  Floating  Shock  Platform.  A  achematlc  of  the  teat  geometry  la  preaented 
In  Figure  46  and  the  leal  geometrtca  and  Input  velocttlea  are  tabulated  In  Table  7. 
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Figure  4b  •  Teat  Geometry 
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TABLE  7 
Teat  Geometries 


m 

Horlsontal 

Standoff 

Charge 

Depth 

Charge 

Weight 

Peak  Input 
Velocity* 

ft 

ft 

lb 

fpa 

60 

24 

60 

5 

40 

24 

60 

8 

30 

24 

60 

11 

as 

24 

60 

13 

Ll. 

20 

24 

60 

IS 

*  Recorded  et  bee*  of  foundation  on  the 
attack  aid*  (VM-1). 


RESILIENT  MOUNT  BEHAVIOR 


The  experimental  results  were  studied  to  seek  an  understanding  of  the  se¬ 
quence  of  events  under  shock  and  tha  determination  of  the  relations  between  the 
farces  transmitted  by  the  mounts  and  the  deflections  experienced. 

The  examinations  of  the  various  velocity  histories  Indleatad  that  the  motion 
of  the  subbase- turbine  structure  consisted  of  a  vertical  translation  during  the 
early  phase  of  the  shock  motion.  During  later  phases  of  the  response  rigid  body 
rotations  occurred  as  welli  however,  these  motions  were  of  a  low  frequency  and 
were  not  appreciable  during  the  early  behavior  of  the  mounts. 

Velocity  histories  were  studied  and  correlated  with  the  deflection  histories 
to  obtain  an  understanding  of  the  sequence  of  events  occurring  during  the  shock 
response.  These  correlations  Indlrsted  that  essentially  no  motion  was  experienced 
by  the  subbase-turbine  structure  until  the  upper  snubber  engaged.  Subsequently, 
the  structure  underwent  a  vertical  acceleration  during  the  period  in  which  the 
snubber  was  compressed.  Upon  thu  disengagement  of  the  upper  snubber  the  struc¬ 
ture  tended  to  move  with  constant  velocity  until  the  lower  snubber  engaged  and 
Introduced  a  deceleration  and  a  consequent  decrease  in  velocity  occurred. 

As  explained  above,  the  Initial  phase  of  the  shock  response  was  character¬ 
ised  by  a  sudden  vertical  acceleration  of  the  suhbase-turblne  structure.  Figure 
47  presents  four  typical  velocity  histories  from  Test  5  to  Illustrate  the  shock  Input 
and  shock  response.  These  plots  represent,  first,  the  input  to  the  foundation 
(VM-l);  next  the  response  at  subbase (VM-4);  then,  the  response  of  the  turbine  at 
the  attachment  flange  {VM-10);  and  finally,  the  response  near  the  top  of  the  tur¬ 
bine  at  the  astern  valve  'VM-16).  A  comparison  of  the  velocity  histories  at  the 
various  points  on  the  subbase-turbine  structure  given  by  VM-4,  VM-  10,  and  VM- 
16  indicates  that  the  assembly  la  responding  as  an  elastic  structure,  1,  e. ,  the 
velocity  and  acceleration  histories  vary  throughout  the  structure.  Because  of 
this  velocity  distribution,  a  rigid-body  velocity  history  for  the  structure  can  only 
be  approximated  for  purposes  of  determining  the  forces  transmitted  by  the  mounts. 
Meters  VM-1Q  and  VM-12,  mounted  on  the  relatively  rigid  attachment  flange  of 
the  turbine,  were  selected  for  this  approximation. 
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Figure  47  •  Typical  Velocity  Histories 

lb  determine  the  forces  transmitted  by  the  mounti,  vertical  acceleratlone 
of  the  subbass-turblns  structure  ware  found  by  measuring  the  slopes  of  the 
velocity  history  obtained  by  using  an  average  of  VM*10  and  VM*12.  An  aver* 
age  of  the  two  records  was  used  to  eliminate  the  effecte  of  any  poastble  port- 
to*starboard  rotation.  In  a  similar  manner  two  port  and  starboard  deflection 
gauges.  MD-1  and  MD-2.  were  averaged  tn  give  h  corresponding  vertical 
deflection  history.  With  time  ns  the  common  parumeter,  values  of  average 
acceleration  and  average  displacement  were  read  from  theae  hlatorles  for  the 
time  Interval  of  the  first  engagement  of  the  upper  snubber.  The  accelerations 
were  then  converted  to  forces  by  assuming  that  each  mount  accelerated  one* 
fourth  of  the  total  weight  of  32.000  lb.  Force-defloction  curvea  were  con* 
structed  following  this  procedure  for  each  test  with  the  exception  of  Test  1. 

On  this  test  there  was  some  question  ns  to  whether  the  starboard  snubbers 
actually  engaged,  Because  of  this  complication  Teel  1  was  disregarded  and 
force-deflection  curves  were  found  for  only  Testa  2  through  9.  The  force* 
deflection  curves  are  given  In  Figures  48  through  91  together  with  the  static 
curve  from  Appendix  B, 
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Figure  48  •  Preliminary  Dynamic  Force  -  Deflect  Ion  Curve*  •  Teel  2 
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Figure  49  •  Preliminary  Dynamic  Force-Deflection  Curves  -  Test  3 

49 


200 


DISCUSSION  OP  RE8UL.TS 


The  preliminary  dynamic  force-deflection  curves  indicate  that  the  dynamic 
forces  arc  considerably  larger  than  the  corresponding  static  result.  These  re¬ 
sults  show  that  the  largest  force  occurs  upon  snubber  engagement  with  very  small 
snubber  deflection.  After  the  large  initial  force,  the  force  decreases  as  snubber 
deflection  Increases.  This  decrease  occurs  slowly  at  first  and  then  more  rapidly 
as  the  maximum  displacement  is  reached.  After  the  maximum  displacement,  the 
force  decreases  with  decreasing  deflection  until  the  force  returns  to  zero  at  a  set 
deflection. 

The  force-deflection  curve  depends,  of  course,  on  the  determination 
of  the  Instantaneous  acceleration  of  the  equipment  as  the  mount  deforms. 
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Figure  51  -  Preliminary  Dynamic  Force-Deflection  Curve*  -  Teat  5 

In  the  present  testa,  it  was  not  possible  to  determine  the  accelerations  accurately 
from  the  velocity  histories  (See  Figure  4?)  during  the  period  of  time  in  which  the 
snubber  clearance  is  closed  and  when  the  snubber  flrstengages.  During  thla  time,  the 
velocity  histories  show  an  almost  discontinuous  acceleration  history  as  the  snubbar 
engages.  Because  of  thla,  force  data  are  not  available  until  after  the  snubber  engages 
and  each  force-deflection  curve  shows  a  discontinuity  at  the  deflection  of  0.  31  inch. 

The  forcc-dcflcction  curves  obtained  from  these  tests  are  intended  to  be  pre¬ 
liminary  results.  The  procedures  followed  in  reducing  these  data  required  a  num¬ 
ber  of  assumptions,  and  the  data  from  which  these  results  were  obtained  were  not 
entirely  adequate  for  the  purposes  of  this  evaluation.  However,  the  results  do 
give  some  preliminary  information  on  performance  of  the  mounts  in  simulated 
shipboard  conditions. 
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APPENDIX  B 

Static  Teats  of 
SM10.000-H  Resilient  Mount 


INTRODUCTION 


Static  teats  of  component*  of  the  9M10.000-H  were  conducted  in  accordance 
with  military  apeeification  teata.*  The  teata  conaiated  of  compreeaing  the  mount 
componenta  in  a  vertical  direction  with  the  componenta  installed  in  a  teat  fixture 
aimulating  the  ahipboard  loading  condltiona. 


TEST  PROCEDURE 


The  ahear  and  compreaalon  componenta  of  each  reeillent  mount  were  teated 
aimultaneoualy  in  a  taat  fixture  deaigned  to  subject  each  component  to  the  aama  de¬ 
flection.  By  loading  the  componenta  in  thla  way  a  combined  force-deflection  for  the 
two  componenta  waa  obtained,  The  two  componenta  ina  tailed  in  the  teat  fixture  are 
ehown  in  Figure  92.  Thn  static  teata  of  the  ahear  and  compreaalon  componenta  of 
each  mount  were  conducted  at  a  rate  of  0.09  in/min  up  to  a  maximum  30,000-lb 
load.  Deflactiona  were  meaeured  by  a  dial  indicator  at  9,000-lb  increments  of  force. 
Four  complete  loading  and  unloading  cyclea  were  oondueted  before  the  ahoek  teats. 


Figure  92  -  Static  Tests  of  Shear  and  Compression  Componenta 


59 


Each  of  the  snubber  component*  was  subjected  to  a  compression  test 
assembled  In  a  manner  simulating  loading  In  the  shock  tests.  The  load  was 
applied  at  a  rate  of  0,  OS  In/ min  up  to  a  maximum  lS0,000*lb  load.  A  photo* 
graph  of  one  of  the  snubbers  loaded  to  1SO.OOO  lb  Is  shown  In  Figure  S3. 
Deflections  were  measured  by  a  dial  Indicator  at  10,000*lb  Increments  of 
force,  Four  complete  loading  and  unloading  cycles  were  conducted  before  and 
after  the  shock  tests. 


Legend 
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Figure  94  •  Force  Deflection  Curves  for  Combined  Sheer 
end  Compression  Components 

A  force-deflection  curve  wes  obtained  for  each  of  the  four  snubber  com¬ 
ponents  before  end  after  the  shock  test.  For  the  most  pert  the  curves  obtain¬ 
ed  before  the  shock  test  showed  good  agreement.  There  was  some  variation 
In  the  maximum  deflection  from  snubber  to  snubberi  this  variation  from  the 
largest  to  the  smallest  deflection  amounted  to  about  6  percent  of  the  smallest 
deflection.  After  the  ahock  tests,  the  snubbers  showed  better  agreement)  the 
variation  was  reduced  to  about  3  percent.  The  shock  test  did  not  appear  to 
have  any  permanent  adverse  effect  on  the  snubbere.  The  force-deflection 
curves  before  and  after  the  shock  tests  showsd  good  agrsement,  The  greatest 
variation  In  maximum  deflection  before  and  after  shock  loading  was  about  3 
percent.  Typical  force -deflection  curves  for  one  of  the  snubbers  are  shown 
In  Figure  39. 

A  combined  force -deflect ion  curve  for  the  SM10.000-H  resilient  mount 
was  found  hy  adding  the  results  of  Figures  94  and  99.  This  result  la  given 
in  Figure  36. 


APPENDIX  C 

The  Representation  of  the  compression  end  Shear 
Mounts  and  the  Snubber  on  an  Analog  Computer 


i 
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INTRODUCTION 


The  characteristics  of  the  compression  and  sheer  mounts  and  the  snubber 
for  the  shock  loadings  undsr  consideration  in  thle  report  can  each  be  adequate¬ 
ly  represented  by  a  viscous  element,  such  as  a  dashpot,and  two  mechanical 
springe.  To  determine  ths  numerical  values  which  best  fit  each  of  these  para- 
metere  for  this  specific  mount  and  snubber,  and  to  evaluate  ths  adequacy  of 
this  representation,  a  system  that  would  simulate  one  mount  and  one  snubber 
as  loaded  in  the  experimental  explosion  test  was  set  up  on  an  analog  computer, 
Also,  to  represent  the  input  motion  applied  to  this  system,  a  set  of  differen- 
tial  equations  was  programmed  which  had  as  its  solution  an  equation  in  time 
vary  nearly  duplicating  the  input  velocity  to  the  mechanical  system  as  mea- 
sursd  in  each  of  the  explosion  tests. 

Ths  purpose  of  this  appendix  is  to  describe  the  equations  solved  by  the 
computer  and  to  present  the  computer  program  used  to  obtain  these  solutions. 


DERIVATION  OF  EQUATIONS 


MATHEMATICAL  MODEL  FOR  THE  MOUNT  ASSEMBLY 

Ths  mechanical  system  simulated  for  the  equations  is  shown  schemati¬ 
cally  in  Figure  97i  notations  are  listed  in  Table  8, 


Figure  97  -  Mathematical  Model  for  the  Mount  Assembly 
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TABLE  8 

Notation*  Used  in  Computer  Program 


Notation 

Unit 

A  The  avongo  deceleration  of  tha  baao 

ft/aee* 

B  Tha  naxlnua  ralue  of  tfca  ainuaoidal  ooaponant  of  tha 

toasa  ralosit/ 

fpa 

<\  Vlaooua  alaaant  or  daahpot  uaoolatad  with  tha  munte 

kip-eao/ln. 

Qi  Vlaooua  alaaant  or  daahpot  aaaoolatad  with  tha  ambbar 

kip-aao/ln. 

Eb  Initial  ralatir*  dlaplaoaaant  batwaan  tha  baao  and  tha 

ambbar  which  mat  ba  oloaad  bafora  tha  anobbar  oan  ba- 

gin  to  aat 

in. 

d  Aaynptote  at  whloh  tha  nonllnaar  anobbar  aprinf  baooaaa 

infinitely  atiff 

in. 

V  Total  foroa  aoting  on  tha  mani  t  ■  11  of* 

kip 

1  Foroa  tha  aouata  axart  on  tha  ait 

kip 

F,  Foroa  tha  anobbar  axarta  on  tha  aaaa 

kip 

^  Foroa  axartad  hjr  apring  K*  whathor  linear  or  nonllnaar 

kip 

K,  Linear  apring  oonatant  aaaoolatad  with  tha  manta 

klp/in. 

It  Linear  apring  oonatant  haring  anda  la  aranmn  with 

viaaeoa  alaaant,  0,  aaaoolatad  with  tha  nouata 

kip/ln. 

It  Linear  apring  oonatant  aaaoolatad  with  tha  saubbar 

ktp/in. 

Xi  tprlng  aaaoolatad  with  ambbar  haring  ohnmofearintlo 

aalaotnbla  aa  linear  or  nonlinear j  apring  oonatant 

whan  linear  oharaoteriatio  aalaotad.  Baa  anda  in 

oomoa  with  rlaoooa  alamnt,  0, 

klp/in. 

k«  Initial  alopa  of  tha  oharaoteriatio  of  the  nonlinear 

apring 

kip/ln. 

M  Total  man  reaoting  an  tha  munt  and  anubbar 

■lug 

t  Tim 

•ao 

V|  Tha  initial  raloolty  of  tha  baao  at  t  ■  0 

fpa 

X  Absolute  dlaplanamnt  of  tha  non  with  reapeot  to  a 

fixed  point  in  apaoa 

In. 

XB  Absolute  dlaplaoomnt  of  tha  booa  with  reapeot  to  a 

fixed  point  in  apnea t  tha  input  notion 

In. 

1  Nalatlro  dlaplaoomnt  batwaan  tha  aaaa  and  tha  baao, 

in. 

2,  Belatlvo  dlaplaoomnt  batwaan  tha  anda  of  apring  Kt 

in. 

St  Salatlre  diaplnoamnt  between  tha  anda  of  apring  Xt 

or  daahpot  0t  |  8|  ■  S  -  Si 

in. 

St  Relative  dlaplaoomnt  batwaan  tha  anda  of  spring  K, 

In, 

Z4  Relative  dlaplaoomnt  batwaan  tha  anda  of  apring  1, 

or  daahpot  C, 

in. 

P  Tina  aoala  footer  at  whloh  tha  oonputar  operate* 

dlaanalonlase 

w  The  angular  frequenoy  of  tha  ainuaoidal  ooaponant  of 

tha  base  raloolty 

rad/aao 

All  component*  were  considered  to  be  linear  over  their  range  of  motlone 
with  the  exception  of  spring  K4 .  The  computer  was  connected  so  that  by  throwing 
a  switch,  this  spring  could  be  made  either  linear  or  nonlinear. 

With  the  switch  in  the  linear  position  ,  F4  °  -  K4  z4 

and  In  the  nonlinear  position  F4  ■  -  k4 


The  shape  of  this  nonlinear  curve  and  the  fit  ae  compared  to  an  experimentally 
determined  static  force-deflection  curve  obtained  for  a  snubber  may  be  aeon  In 
Figure  SB, 


Figure  SB  -  Mathematical  Nonlinear  Characteristic 
Used  for  Spring  K4  Compared  with  Experimentally 
Measured  Static  Force -Deflection  Curves 

Other  force  relationships  are  as  follows: 

Kt  Z|  ■  If 4  S,  4  Cj  =  “Fj 

K j Zj  ■  -F4  4  C|  Z4  °  *F|. 


$3 


Tha  force  F*  cm  never  become  negetlve  since  the  anubber  cannot  aupport 
ten* ton.  Therefore  r,  >  0, 

Also  Z,  ■  Z  -  Z4  +  D,  tag  ZA  2  Z  t  D, 

but  Zj  *  0  for  Z|  i  2  +  Of. 

The  equation  of  motion  of  the  maae  M  la.  of  course,  Mji  a  F. 

The  above  equatlona  are  eufflelent  to  daeeribe  the  ayatem  given  In  Figure  B7 
and  are  those  used  aa  the  baala  for  programming  the  computer.  Thla  entire  aye> 
tem  waa  considered  to  be  at  reat  at  time  t  •  0. 

SYNTHESIS  OF  tNFUT  VELOCITY  CURVES 

Analyala  of  the  experimental  velocity  meaaurementa  Indicated  that  the  Input 
velocity  versus  time  curves  could  he  represented  very  well  by  aeaumtvig  an  Ins  tan 
tMeoua  Initial  velocity  with  a  eonatant  average  deceleration  upon  which  a  elnua- 
aoldal  perturbation  la  superimposed.  Such  an  aquation  la  aa  follower 

«  Vj  ■  At  ■  B  a  In  ut 

and  differentiating. 

XB  u  .  a  -  uB  ooa  ait. 

Thla  equation  la  readily  machMlaed  on  the  analog  computer  uaing  a  cosine 
waveform  generated  aa  followsi 


let 

u  •  sin  ut 

and 

V  S  COB  Ut 

and  differentiating 

u  ■  u  cos  wt 

and 

6  *  aln  wt 

or 

u  «  wv 

and 

V  ■  -wu 

where 

iif  ■  0 

and 

V|  ■  1  • 

Numerical  values  for  each  of  the  coefficients  In  the  above  equatlona  were 
•elected  to  beet  fit  the  experimental  measurements  from  each  explosion  test. 
Theae  values  are  given  In  Table  9. 


TABLE  9 

Coefficients  for  Simulated  Input  Velocity  Curves 
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COMPUTER  PROGRAMMING  AND  OPERATION 

i 

The  computer  used  to  obtain  the  aolutlons  to  thla  problem  wee  a  PACE,  Model 
TR-48,  manufactured  toy  Electronic  Asioclatea,  Incorporated,  The  equation*  were 
scaled,  and  the  program  waa  derived  ueing  the  standard  techniques,  prooeduies, 
and  diagrammatic  aymbola  advocated  by  the  manufacturer  pf  thla  equipment,  Thla 
program  te  preaented  in  Figure  59,  The  potentiometer  aettlnga  ueed  for  the  final 
runa  are  given  in  Table  10, 


Figure  99  »  Computer  Program 


In  order  to  allow  the  computer  aolutlona  to  be  plotted  on  X-Y  recorder,  the 
time  acale,  p,  waa  selected  to  be  1000;  thua  the  problem  waa  alowed  by  thie  factor. 

The  repetitive  operation  mode  was  ueed  to  determine  the  valuea  of  the  ayatem 
parametera.  In  thia  mode  the  computer  automatically  speeda  the  problem  up  by  a 
factor  of  500  and  repetitively  solves  the  problem  at  a  rapid  rate,  displaying  the  re* 
suits  on  a  cathode  ray  oscilloscope.  In  this  Instance  the  total  force  (F)  on  the  mass 
waa  displayed  versus  the  relative  displacement  (Z)  between  the  mass  and  the  base, 
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TABLE  10 

Computer  Potentiometer  Assignments 


Potentiometer  lattiag  for  Oojjuter  j 

PoteaUoaster 

to. 

fardieter 

Description 

ton  to,  1 
(Teat  4) 

ton  to,  a 
(teat  9) 

ton  to,  3 
(Test  3) 

to»  .*fc,4 
(Tot  8) 

ca 

0,400 

0.400 

0.400 

0,400 

0.400 

« 

» 

0,100 

0.100 

0,100 

Hijaii  ■  Mga 

04 

0,1Q(* 

0,100* 

0,100* 

Hn  Yrw 

.  _ 

09 

23000/KP 

0,101 

0,101 

0,10. 

06 

60Q/9 

0.600 

0,600 

0.600 

0,600 

W 

T»/J0 

0,84b  , 

0.980 

0,170 

0.190 

■  :r  -  - 

06 

4/59 

0,10. 

0,190 

0,088 

0,068 

09 

0.100* 

0,100* 

0,100* 

0.100* 

0,100* 

10 

ao/k, 

0.308  , 

0.308 

0.908 

0.300 

.1  11 

li/do 

0.190 

0,190 

0.190 

0,190 

—  - - 

id 

800/9,9 

0,111 

0.1U 

0.111 

O.ttlr. 

q 

-  0,400 

0400 

0.400 

0,400 

0.400 

16 

tt/9 

0,914 

0414 

0.9U 

04U 

'  T. 

w 

«/9 

<-1/59 

0,934 

0436 

0.334  ; 

0,314 

_  _ _ 

la 

0.141 

O.W 

O.O* 

o.fli 

19 

0.100* 

0,100* 

0,100* 

0,100* 

0.100* 

5WA| 

0,660 

0,660 

0.660 

0,66b 

ai 

81 

I./500** 

900/9,9 

0.080** 

0,106 

0,080ee 

0,106 

0,060** 

0,106 

0,080** 

0,106 

as 

0, 

0.J38 

0.338 

0.938 

0.318- 

99 

0.400 t 

0.400t 

0.400t 

0.400t 

0.400t 

97 

d 

0.S86 

0,986 

0,986 

0.986 

98 

b4d/ao 

0.986 

0,986 

0,986 

0.986 

39 

0,100* 

0,100* 

0,100* 

0,100* 

0,100* 

•  Set  ttiM  poteatloasters  tint  to  laourt  oorroot  loading, 
••  lot  with  18-1  q^t>. 
t  sot  with  n-i  «uft* , 


Tht  various  paramatora  qf  the  ayatom  wort  then  varied  until  thla  force  veraua 
deflection  curve  moat  nearly  matched  that  derived  from  the  particular  explosion 
test  being  elmulated,  Once  these  parameter  values  had  been  established  for  one 
test,  they  were  then  used  to  determine  the  eystem  response  under  other  Input 
conditions. 

In  addition  to  the  (orce-deflacttnn  curves,  amplitude  versus  time  plots  were 
obtained  for  four  teat  conditions  of  the  following  variables! 

a.  Total  force,  F,  on  the  mass 

b.  Relative  deflection  between  the  mass  and  the  base 

c.  Abaolute  velocity,  ft,  of  the  mass 

d.  Abaolute  base  velocity,  ft,  • 
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Experimental  and  theoretical  studies  of  the  type  9M10,000-H  rubber 
resilient  mount  assembly  consisting  of  a  compression  and  shear  mount  and  snubber] 
ware  conducted  lo  determine  Its  performance  under  shock  loading. 

In  the  experimental  atudy>  the  mount  aaaembly  (supporting  a  rigid  teat  meal) 
wee  installed  on  the  Floating  Shock  Platform  and  eubjected  to  a  sartes  of  five  ahock] 
tests.  The  experimental  data  were  analysed  and  dynamic  force -deflection  curves 
were  obtained. 

Parallel  theoretical  studies  were  conducted.  A  simple  mathematical  model] 
combining  springs  and  daahpots  was  used  lo  represent  Ihe  response  of  the  mounts 
under  vertical  shock  loading.  Theoretical  dynamic  force-deflection  curves  obtain 
ed  from  this  system  showed  good  agreement  with  the  experimental  data. 

Findings  of  the  experimental  and  theoretical  studies  led  to  the  conclusion 
that  dynamic  force-deflection  curves  must  be  used  in  calculations  of  the  shock 
response  of  supported  equipment. 
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•umeuty  of  the  docsme «l  Indicative  at  lha  naan,  a  van  though 
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Gn.  II  additional  apaea  ii  resulted,  a  continuation  akaal  shall 
•Hacked. 

It  la  kbply  Saalrabla  that  lha  aba  tract  al  aiaaeitled  raasita 
be  enelaiilflad,  Cask  paragraph  at  Ika  akalraal  shall  and  allh 
an  ladleatlua  al  lha  eallilarv  aacarttr  ctaaallUallea  at  iht  la- 
lonaatlaa  la  lha  paragraph,  rapraaaalad  as  <nj.  («>,  (C>,  «r  f V ). 

Than  la  aa  limitation  an  lha  length  at  lha  ahalrael-  Haw- 
aver,  lha  tuf|aated  laasth  la  tram  ISO  la  13S  waida. 

Id  RBY  VOItOSl  Key  words  are  technically  meaningful  tanaa 
or  abort  phraana  that  chatacterut  a  report  and  may  ha  aasd  aa 
Indoa  entries  for  calatoalrm  lha  report.  Ray  wards  moat  be 
aalaclad  so  that  ns  security  eleatifleetloa  1*  recalled.  Identi¬ 
fiers,  such  at  ecuipmeal  model  dealfnatloa,  trade  mm.  military 
project  coda  name,  geographic  location,  may  be  aaad  aa  bay 
winds  but  will  be  followed  by  ea  Indication  of  technical  con¬ 
tact.  Ike  ittlfcamenl  of  links,  lelee,  and  weights  la  optional. 
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